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Abstract 
Due to the necessity of undertaking activities, people increases every year their standards of travelling (distance 
and time). Urban sprawl process plays an important role on this “enlargements”. Thus governments invest 
money in an exhaustive searching of solutions for high levels of congestion and car-trips. Over the path of this 
searching for solutions, the complex relationship between urban environment and travel behaviour has been 
studied in a number of cases. Thus, the objective of this paper is to answer the important question of which land-
use attributes influence which dimension of travel behaviour, and to verify to what extent specific urban 
planning measures affects individual’s decision process, by exhaustive statistical and systematic tests. This paper 
founds that a crucial issue on the analysis of the relationship BE and TB is the definition of indicators, and 
recommend a feasible list of indicators to analyze this relationship.  
Keywords: Land-use, forecasting, indicators, policy.  
 
1. Introduction 
The phenomenon called Urban Sprawl is 
produced by the movement of population from 
the city centre to low density urban areas, with 
poorer accessibility and facilities, and as a 
consequence high car-dependency. City 
structures are changing from mono-centric to 
polycentric cities (Gordon, 1986; Small and 
Song, 1992; Clark, 1994; McDonald, 1994; 
Cervero, 1997). This controversial term has 
received a lot of attention in recent years due to 
its association with the environment, health, 
transport and public investments, and to 
improve our understanding of the relationship 
between travel behaviour and urban structure 
(Giuliano, 1993; Handy, 1996). This 
phenomenon means low density developments 
which are more difficult and expensive to serve 
by more efficient transport modes. Urban 
Sprawl is also called the “development trap” 
that leads to further congestion and a higher 
proportion of our time spent in slow moving 
cars (Ortuzar and Willumsen, 2011).  
According to the Action Plan of Urban 
Mobility (European Commission 2009) urban 
mobility is an issue of growing concern to 
citizens. Nine out of ten EU citizens believe 
that the traffic situation in their area should be 
improved (European Commission (EC) 2007a). 
The choices that people make in the way they 
travel will affect not only future urban 
development but also the economic well-being 
of citizens and companies. It will also be 
essential for the success of the EU’s overall 
strategy to fight against climate change, 
achieve the 20-20-20 objective and to promote 
cohesion. 
Urban mobility is also a central component of 
long-distance transport. Most transport, both 
passengers and freight, starts and ends in urban 
areas and passes through several urban areas on 
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its way. Urban areas should provide efficient 
interconnection points for the trans-European 
transport network and offer efficient ‘last mile’ 
transport for both freight and passengers. They 
are thus vital to the competitiveness and 
sustainability of our future European transport 
system.  
In the report “Green Paper of Urban Transport” 
the European Commission considers urban 
sprawl an important indicator of urban mobility 
in Europe. Urban sprawl and other factors, 
such as demography, congestion, the 
environment, employment, etc., form the 
diagnostic of urban and no-urban areas at EU 
level. As stated in the report, "Urban sprawl is 
commonly used to describe physically 
expanding urban areas”. The European 
Environmental Agency (EEA) has described 
sprawl as the physical pattern of low-density 
expansion of large urban areas, under market 
conditions, mainly into the surrounding 
agricultural areas. Sprawl city involves 
drawbacks related to urban growth and 
planning control of land subdivision. 
Development is separated, land-use is anything 
but mixed, and there is a tendency for 
discontinuity in urban structure. In other words, 
“Sprawling cities are the opposite of compact 
cities – full of empty spaces that indicate the 
inefficiencies in development and highlight the 
consequences of uncontrolled growth” 
(European Environment Agency EEA 2006). 
There is a clear sign of increase in urban 
sprawl phenomenon of European cities. Since 
the mid-1950s historical trends show that 
European cities have expanded on average by 
78% while population has grown by only 33% 
(European Commission (EC) 2007b). And this 
phenomenon is mostly accompanied by 
negative connotations:  
 Negative environmental, social and 
economic impact and it seriously 
undermines efforts to meet the global 
challenge of climate change. 
• Major adverse impact in terms of 
increased use of land, increased energy 
consumption and increased soil erosion 
threaten the natural and rural environment, 
increasing GHG emissions and elevating air 
and noise pollution to levels that often exceed 
the agreed human safety limits. 
•  It has a direct effect on the quality of 
life for city dwellers. 
The extended geographical scope of urban 
sprawl makes this a timely research area. The 
report of Green Paper examined urban sprawl 
characteristics in cities at an European level, 
finding that sprawl is equally evident in the 
vast majority of the cities examined. It seems 
that the key issue is to develop sprawled cities 
in harmony with compact forms of urban 
extension. In order to achieve this objective, 
researchers and planners need to understand the 
magnitude and direction of the relationship 
between built environment (BE) and travel 
behaviour (TB).  
There are at least three elements characterizing 
the complex relationship between the BE and 
travel, as discussed below: 
1. Multidimensional nature 
2. Selectivity  
3. Methods 
1.1. Multidimensional in nature  
Both BE and TB are multidimensional in 
nature. It is influenced by many factors, which 
depend on the considered dimension of travel 
demand, and the specific definition of land use. 
That is, there are many aspects to BE, 
including accessibility to transit stops, presence 
and connectivity of walk and bike paths, land-
use mix, street network density (such as 
average length of links and number of 
intersections per unit area), block sizes, and 
proportion of street frontage with buildings. 
Similarly, there are many dimensions of travel, 
including car ownership, number of trips, time-
of-day, route choice, travel mode choice, 
purpose of trips, and chaining of trips. 
Many different factors influence the 
relationship between travel demand and BE. 
There is no clear consensus on which feasible 
measures of the BE really play a role in 
explaining individual mobility (Brownstone, 
2008). There is also little background 
information to compare the influence of land 
use and socio-economic characteristics on 
different travel demand dimensions. Recent 
research focus on: vehicles miles driven or 
VMD (Handy et al., 2005), tour-frequency 
(Limanond & Niemeier, 2004), shopping tour 
(Agyemang-Duah et al., 1995), type of activity 
(Naess, 2006), modal choice or modal changes 
(Bento et al., 2005). Other studies (La Paix et 
al., 2010; La Paix, 2010; La Paix, Monzón & 
Cherchi, 2012) have contributed to answer the 
above two questions.  
 
1.2. Selectivity  
A large number of authors show that higher-
density neighbourhood reduces motorized trips. 
However whether land-use configuration itself 
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affects travel pattern or whether people with 
different travel behaviour preferences select 
different types of neighbourhoods in which to 
live is an issue open to discussion. This effect 
is called self-selectivity, some authors describe 
it as: “the tendency of people to choose 
locations based on their travel abilities, needs 
and preferences”, see Litman (2005)The 
importance of analyzing residential self-
selection is because it may confound the 
association between BE-TB and, as a 
consequence, it could produce invalid results. 
Most studies have employed multivariate 
analysis and accounted for the sorting effect of 
socio economic characteristics (Abreu e Silva 
et al., 1977; Kitamura et al., 2001; Van Acker, 
2007); while others focuses on the issue of 
attitude induced self-selection (Cao, 2008). 
1.3. Methods and techniques 
Analizing studies from the last 15 years, it can 
be widely found different estimation 
techniques, units of analysis, empirical 
contexts, travel behaviour dimensions, and BE 
characteristics and their scales used across the 
studies, as stated in Bhat and Guo (2007). 
Similarly, one of the major problems is the lack 
of consistentcy of results due to 
multicollinearity.  Correlated indicators may 
confound the results and lead to spurious 
conclusions. And, it also constraints the 
number of explanatory variables for predicting 
travel demand, which difficults comaparison 
and contrast of results. 
Due to the complexity, it is crucial to carefully 
analyze which dimension of influence over 
which dimension of TB.  Thus, the objective of 
this paper is to select a set of best indicators for 
modelling trip-frequency. Thus, an exhaustive 
research has been carried out, based on 
statistical and systematic tests. This descriptive 
analysis produces a set of statistical measures 
for modelling trip-frequency; while the model 
is estimated and analyzed in a later work.  
The rest of this paper is organized as follows: 
section 2 presents data collection process and 
case study, section 3 describes 3 kinds of 
indicators: mobility (MOB), socioeconomic 
(SE) and built environment (BE); section 4 
presents a discussion about the best indicators 
and policy implementation. And finally, 
section 5 concludes the paper.   
 
2. Survey process and case study  
The present paper uses a data-base from a 
survey conducted in 2006-2007 in Madrid, a 
suitable case study for analyzing urban sprawl 
due to new urban developments and substantial 
changes in mobility patterns in the last years.  
As can be seen in Figure 1, the metropolitan 
area of Madrid is divided into four regions: 
CBD (Central Business District), Madrid City, 
Metropolitan Ring and Regional. These four 
regions are partitioned into eight areas around 
the radial highways that go from the city centre 
to the periphery. Madrid City has 3.1 million 
inhabitants (INE-National Institute of Statistics 
2010), while the Metropolitan Ring has a 
population of 2.3 million. The demographic 
density varies considerably.  Its inner core (i.e. 
Madrid City) has 51 inhabitants per hectare 
whereas in its metropolitan ring the density is 
only 10.3. However, the Metropolitan Ring is 
growing and gaining population from Madrid 
municipality.  
 
Figure 1 LocationMap of Madrid 
 
A total of 943 individuals were interviewed 
from 3 selected neighbourhoods: one in CBD; 
and 2 municipalities in Metropolitan Ring 
(called urban and suburban).  
2.1. Survey and data 
Data come from a survey conducted with the 
aim to analyse the influence of the type of 
questionnaire (activity-based against travel-
based, see Annex 1) on the mobility patterns 
(Monzón de Cáceres & Madrigal Díez, 2007).  
The two diaries used were arranged in two 
parts.  The first part, common to both diaries, 
consisted of a socio-economic questionnaire 
aimed at gathering data related to both the 
household and all its members. One member of 
the households participating was asked to 
provide information about the household, and 
about each of its members. The information 
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collected was socioeconomical and related to 
trips.  
We combine the survey data with GIS database 
and Administrative data for constructing three 
spatial levels. An exhaustive research of 
important indicators for measuring the 
relationship between land-use and travel 
behaviour was carried out.  
2.2. Case study  
As introduced in this section, the case study is 
composed by 2 municipalities and 1 
neighbourhood. The objective of choosing 3 
different residence areas is to capture the 
neighbourhood type ffect.  In this context, this 
effect occurs when a specific mobility pattern 
is exhibited by citizens that live in the same 
neighbourhood.   
CBD is located in the neighbourhood of 
Chamberí, which corresponds to one of the 22 
neighbourhoods of the Central Business 
District of Madrid. It is a traditional 
neighbourhood where several historical 
buildings are located and where people live 
mainly in apartments. The area is characterised 
by good transit (bus and metro) and rail 
services and by a gross income level that ranks 
the 4th of the 22 neighbourhoods of Madrid 
City. In 2004 the income of Chamberí was also 
40% higher than the mean of the Region of 
Madrid. 
Urban is part of the municipality of Pozuelo de 
Alarcón, that is located 15 km west to the 
Madrid CBD but it is inside Madrid City. This 
is a car-oriented municipality, where public 
transport service is limited. Urban residents 
tend to live in single family houses or detached 
houses. Pozuelo's average income level ranks 
the highest amongst the municipalities of the 
Region of Madrid. It was 66% higher than the 
mean of the Region of Madrid in 2004. 
Suburban is a district of the municipality of 
Algete, that is located 30 km north-east to the 
Madrid CBD, in the Metropolitan Ring. This 
municipality has lower available gross income 
and fewer transit services than the other two 
selected areas. Algete’s average income level 
ranks the 15th amongst the 179 municipalities 
of the Region of Madrid. It was 17% higher 
than the mean of the Region of Madrid in 2004. 
 
 
3. Results 
3.1. Mobility indicators (MOB) 
3.1.1. Number of Trips  
The number of trips were analysed as the total 
number of trips made during the survey day by 
each individual and as the number of trips by 
mode.  
Table 1 shows the descriptive statistics for trips 
rates grouped by residence area. Unexpectedly, 
the highest trip rate corresponds to the 
suburban area, while the lowest corresponds to 
the CBD. A possible explanation could be the 
age of respondent, because, as reported below 
in the descriptive analysis of socio economic 
characteristics, Chamberí has the largest 
elderly population among the 3 
neighbourhoods. Additionally, trips shorter 
than 5 minutes, common in the CBD, were not 
registered in the questionnaire. Finally, it is 
important to mention that the statistics below 
are computed based on the whole sample (943 
respondents), i.e. including also the no-
travellers, i.e. people who declared no-trips 
during the study day. 
We can note in Table 1 variations between 0 
(minimum) and 10 (maximum) in total trips, it 
may indicates at least one individual with 10 
trips. The range is a descriptive statistics that 
indicates the scattering of the sample. In this 
case, both CBD and Suburban residents have 
the maximum range. Kurtosis is larger than 2 
for both CBD and Suburban neighbourhoods, 
which means that those observations do not 
follow a normal distribution. As can be seen in 
the table, there are 1959 trips, 567 (28.94%) 
from CBD, 768 (39.20%) from urban and 624 
for suburban (31.85%).  
The box and whisker plot for total trips is 
presented in Figure 2, the stars in the plot 
indicates the outliers. As can be seen the mean 
is equal to 2 trips, and the 25 and 75 percentile 
are also equal to 2, therefore, the box is barely 
visible. The number beside the stars is the 
number of the observation.  
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Table 1.- Descriptive Statistics for Total Trips 
Residence Area CBD Urban Suburban Total
Sample Size 288 372 283 943 
Mean 1.97 2.06 2.2 2.08 
Median 2 2 2 2 
Sum 567 768 624 1959 
Minimum 0 0 0 0 
Maximum 10 8 10 10 
Range 10 8 10 10 
Standard Deviation 1.51 1.46 1.59 1.52 
Variance 2.28 2.13 2.53 2.3 
Curtosis 2.64 0.91 2.53 2.03 
Skewness 0.93 0.52 1.02 0.82 
% of total 28.94 39.2 31.85 100 
 
Figure 2 -Box and Whisker Plot for Total Trips 
 
3.1.2. Public transport trips  
Table 2 shows the descriptive statistics for 
public transport trips rates grouped by 
residence area. As expected, the highest trip 
rate corresponds to the CBD. This is consistent 
with the transport service measured and 
displayed afterwards in the table. The box and 
whisker plot for total trips is presented in 
Figure 2, where, as can be seen the mean is 
equal to 2 trips, and the 25 and 75 percentile 
are also equal to 2, therefore, the box for urban 
and suburban area is barely visible. According 
to this, the public transport supply in CBD is 
clearly better than public transport service in 
urban suburban areas.  
The global range was between 0 and 5, which 
means that there was at least one individual 
with 5 trips. In this case, CBD takes the 
maximum range. Kurtosis was larger than 2 for 
Suburban neighbourhood, which means that 
those observations do not follow a normal 
distribution. Table 2 shows 526 trips, 242 
(46.01%) from CBD, 180(34.22%) from urban 
and 104 for suburban (19.77%). The box and 
whisker plot for total trips is presented in 
Figure 3. As can be seen the mean is equal to 2 
trips, and the 25 and 75 percentile are also 
equal to 2, therefore, the box for urban and 
suburban area is barely visible. The number 
next to the stars is the number of the 
observation.  
 
Table 2.- Descriptive Statistics for public transport 
trips.  
 
Figure 3 Box and Whisker Plot or Public Transport 
trips 
 
3.1.3. Car trips  
Table 3 shows the descriptive statistics for car-
trips grouped by residence area. The table 
shows that the highest car-trip rate corresponds 
to the suburban area, which is exactly the 
opposite situation we found in the public 
transport analysis by residence area.  
Similar to total trips, the global range is 
between 0 and 10, which means that there is at 
least one individual that carried out 10 trips, 
with Algete exhibiting the maximum range. 
Contrary to the analysis of the trips by transit, 
the kurtosis is larger than 2 for CBD 
neighbourhood, which again indicated that the 
CBD population does not have a probability 
density function (PDF) equal to Normal 
population, because several observations are 
equal to zero-trips in the sample.   
As can be seen in Table 3 there are 1009 trips, 
136 (13.48%) from CBD, 469 (46.48%) from 
urban and 404 (40.04%) from suburban areas. 
The box and whisker plot for total trips is 
presented in  
 
mobil.TUM 2012 
International Scientific Conference on Mobility and Transport 
Transport Demand Managment 
 
 
6 
Figure 4, the stars in the plot indicate the 
outliers, and there are more outliers in CBD 
than in the other 2 neighbourhoods. As can be 
seen the mean of car-trips for CBD is close to 
zero, and the 25 and 75 percentile are also 
close to zero, therefore, the box for the CBD 
area is barely visible. The number next to the 
stars is the number of the observation. In the 
case of urban and suburban, the box indicates 
that 50% of individuals are between 0 and 2 
car-trips..   
 
Table 3.- Descriptive Statistics for Car-Trips 
Endogenous 
Variable 
Car- Trips 
Residence Area CBD  Urban  Suburban  Total 
Sample Size 288 372 283 943 
Mean 0.47 1.26 1.43 1.07 
Median 0 1 2 0 
Sum 136 469 404 1009 
Minimum 0 0 0 0 
Maximum 5 8 10 10 
Range 5 8 10 10 
Standard 
Deviation 
0.96 1.47 1.6 1.44 
Variance 0.93 2.17 2.55 2.06 
Kurtosis 3.57 1.83 3.11 3.1 
Skewness 2 1.17 1.33 1.48 
% of total 13.48 46.48 40.04 100 
 
Figure 4 Box and Whisker lot for Car-Trips 
 
3.1.4. Tour complexity  
A tour is generally defined as a sequence of 
trip segments that start and end at home. Based 
on this definition there can be more than one 
tour during the day. However, a tour can also 
be defined as the sequences of all the trips 
made during a given day (Bowman & Ben-
Akiva, 2001). According to this definition 
stops at home during the day are considered as 
intermediate stops inside the daily tour and not 
as the end of the tour. A stop is considered as 
an intermediate (secondary) activity undertaken 
between the primary activity and home, or vice 
versa, between home and the primary activity.  
In this paper we define a tour as the sequence 
of trips made during the whole day and identify 
a classification of the tours (called tour 
complexity) based on the primary activity in 
the tour and the number of stops.  
In particular, first a tour track was defined for 
each individual, and the number of stops during 
the t ur accounted for. Then, a hierarchy of 
activities was established in order to construct 
the tour track. For each individual the sequence 
of activities performed was identified. The 
hierarchy of purposes was created and used to 
identify primary and secondary activities 
during the day, in the case of several trips 
and/or stops. The trip’s main purposed was 
defined based on the following list of activity 
reported by the participants in the survey. 
According to this hierarchy, the primary 
activity is used to classify the tour into five 
categories that compose the alternatives:  
1. Home 
2. Work/study 
3. Work/study with intermediate 
stops 
4. Non-work/non-study 
5. Non-work/non-study with 
intermediate stops  
Table 4 illustrates statistics for the frequency of 
each type of tour, classified according to the 
hierarchy and list of 5 tours explained before.  
Table 4.-Descriptive Statistics for Type of Tour 
Residence 
Area 
C
BD
 
U
rb
an
 
Su
bu
rb
an
 
T
ot
al
 
HOME 24.31% 22.04% 21.85% 19.08%
Work/study  44.79% 45.43% 46.34% 49.12%
Work/study+s
tops 14.24% 15.86% 15.48% 16.25%
Non-
work/non-
study 
11.46% 8.06% 9.01% 7.77% 
Non- 5.21% 8.60% 7.32% 7.77% 
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work/non-
study+stops 
Total 100% 100% 100% 100% 
Table 4 reports the descriptive statistics for 
number of stops grouped by residence area. 
The number of stops is the sum of all the 
intermediate stops made in tours. As can be 
seen (line “Sum”), there are in total 127 stops, 
of which 31 (24.41%) are from CBD, 52 
(40.94%) are from urban, and 44 (34.65%) are 
from suburban area. Additionally, the highest 
mean corresponds to suburban area. It means 
that people living in outskirt areas are likely to 
be multistage tours. A possible reason for this 
is that in the same trip people carry out many 
activities before returning back home. Thus, 
multistage tours act as mean of compensate 
locational deficiencies.  
The sample size is the number of individuals 
interviewed in each neighbourhood. The mean 
represents the average number of intermediate 
stops done by individuals residing in a 
neighbourhood. The table shows that residents 
from Algete carried out more stops than 
residents from CBD. This is unexpected 
because CBD is endowed by more commercial 
retail outlets and facilities; a possible 
explanation for this is that the survey only 
considered trips longer than 5 minutes. The 
skewness is positive in all the 3 areas, which 
indicates that in all the 3 neighbourhoods tours 
are mainly characterised by few or zero stop, or 
that there are many individuals who did not 
travel during the survey day. 
Table 5.- Descriptive Statistics for Number of Stops 
Residence 
Area 
C
BD
 
U
rb
an
 
Su
bu
rb
an
 
T
ot
al
 
Sample 
Size 
288 372 283 943 
Mean 0.11 0.14 0.16 0.13 
Median 0 0 0 0 
Sum 31 52 44 127 
Minimum 0 0 0 0 
Maximu
m 
3 3 4 4 
Range 3 3 4 4 
Standard 
Deviation 
0.44 0.44 0.56 0.48 
Variance 0.19 0.19 0.31 0.23 
Kurtosis 23.62 14.71 21.89 21.49 
Skewness 4.71 3.62 4.41 4.33 
% of total 24.41 40.94 34.65 100 
 
Table 6 shows the pertentages of trips grouped 
into four categories: 3 municipalities of case 
studies and otherwise. Municipality called 
CBD include 21 districts of Madrid. Urban and 
suburban refers to the study cases, and 
otherwise means all other municipalities. 
Internal or urban trips are those trips 
undertaken within the municipality of 
residence. Interurban trips are those 
undertaken between two different 
municipalities.  
As we can observe in the table, 85% of trips 
from CBD are carried out within Madrid CBD; 
while suburban dwellers undertake 37% of 
their tripsto CBD and 38% of their trips are 
undertaken within Suburban area (municipality 
of residence) and only 24% to other 
municipalities as destination. By contrast urban 
dwellers frequently come to city center, 53% of 
trips, and similar to suburban dwellers, around 
35% of their trips are carried out inside the 
municipality of residence. It may be associated 
to public transport service in the urban area, 
which is better than Suburban one, i.e. 
endowed by Rail service (cercanias). 
Percentage of interurban trips (both to CBD 
and to other destinations) is really high. Thus, 
it must be carefully analyzed, (i.e. by trip 
purposes and modes) as mean to compensate 
the locational deficiencies.  
Table 6 Urban and Interurban Trips  
  C
BD
 
U
rb
an
 
Su
bu
rb
an
 
O
th
er
s 
  
CBD 
85
% 15%
100
%
Urban 
53
% 36% 12%
100
%
Suburban 
38
% 38% 24%
100
%
 
3.2. Socioecnomic Indicators (SE): the 
effect of BE and life-style 
The average age does not vary among 
neighbourhoods. However a more 
disaggregated analysis reveals that the 
distribution of the age is instead quite different. 
Table 7 show in fact that the individuals 
between 22-29 years old and between 50-64 
years old are mainly located in the Urban area 
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and in the CBD than in the Suburban, while 
individuals aged 30-49 and 14-21 mainly live 
in the Suburban area. However, empirical 
analysis on the joint decision between number 
of trips and residential location, have shown 
that age does not have effect on the residential 
location choice.  
The results in Table 7 might be related to the 
fact that families with children might prefer to 
live in the Suburban and Urban areas. In fact, 
there are some differences in the household 
size among the three zones. Table 7 shows that 
households with 4 members are much more 
frequent in urban and suburban areas than in 
CBD. According to the Census data, the 
municipality of Algete presents an average of 
3.29 members per household and Pozuelo de 
Alarcón 3.38; both are higher than the Madrid 
Community average, of 2.88 and higher that 
the average for Metropolitan-North (3.20). 
Thus, despite of the outliers observed in CDB, 
on average, larger household sizes are observed 
for urban and suburban area.   
Household size seems to be related to the 
selection of the neighbourhood. And of course 
the structure of the family and the status of the 
individuals are also related with the type of 
neighbourhood they live. Usually families with 
children prefer a bigger house and, as a 
consequence, lower density area. In fact, the 
Suburban area shows a higher percentage of 
married people (Table 7) and similarly a higher 
percent of households with children and 
consequently of females married with children. 
 
Table 7.- SE indicators 
 C
BD
  
U
rb
an
  
Su
bu
rb
an
  
Gender 
Male 48% 49% 54% 
Female 52% 51% 46% 
Total general 100% 100% 100% 
Age       
4-13 years 5% 5% 8% 
14-21 years 12% 11% 18% 
22-29 years 11% 15% 8% 
30-49 years 25% 23% 37% 
50-64 years 30% 37% 19% 
Greater than 65 years 17% 9% 10% 
 C
BD
  
U
rb
an
  
Su
bu
rb
an
  
Household size       
1 8 1.1 2.1 
2 24.3 14.8 18.4 
3 27.4 25.8 24.7 
4 26.4 42.2 45.2 
5 9.4 13.2 9.5 
6 2.1 3   
7 2.4     
Total 100 100 100 
Marital Status       
Single 43% 38% 31% 
Married 51% 57% 64% 
Widow 4% 3% 1% 
Divorced 2% 1% 3% 
Total general 100% 100% 100% 
Presence of child       
Frequency       
No Child 231 273 177 
One or more 57 99 106 
Total 288 372 283 
Percentage       
No Child 80.2 73.4 177 
One or more 19.8 26.6 106 
Total 100 100 283 
Employment Status       
Worker 51% 51% 55% 
Work/study 2% 2% 1% 
Student 20% 21% 19% 
Retired/ Unemployed 20% 16% 18% 
Other Occupation 7% 10% 7% 
 
3.3. Built Evironment Indicators (BE) 
The set of built environment (BE) variables 
includes all variables that are able to describe 
the characteristics of the neighbourhoods. One 
of the variables most used in the earlier 
literature is a simple dummy variable 
associated with each type of neighbourhood 
considered (in this case CBD, Urban and 
Suburban). However, one problem with this 
variable is that it represents too many 
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characteristics, whose effect cannot be 
disentangled.  
Several variables are measured and/or 
computed in this paper to try to specify and 
differentiate the BE characteristics. These 
include the typical measures such as residential 
and employment density, but also include 
measures less used such as transport 
accessibility, jobs, other opportunity activity, 
and also characteristics of the streets. 
Depending on their availability, these variables 
were measured at the residential zone, which 
usually corresponds to the origin of the first 
trip, and/or at origin and/or destination of each 
individual trip. Computing BE variables at both 
origin and destination zones made it possible to 
build composite variables (such as ratios 
between the same variable measured at origin 
and destination) to capture the relative effect of 
each characteristic between origin and 
destination. Similarly, the dimension (in 
squared kilometres) of each zone was 
computed in order to normalize those variables 
whose value is strictly correlated with the 
dimension of the zone. The normalized 
measures enable a correct comparison among 
the different spatial dimensions considered in 
this paper. 
BE variables were measured at three different 
zone levels: by municipalities, by District and 
in a radius of 600 meters around the household 
location (called “residential level”). Madrid is 
divided into 179 municipalities and each 
Municipality is divided into several Districts, 
the number of which varies among 
municipalities from a minimum of one and a 
maximum of 21. The residential level, instead, 
was defined as the area in the 600 meters radio 
around the residence of each person 
interviewed.  
Variables at Municipality and District levels 
were computed using the National Institute of 
Statistics – INE (Spanish acronym of Instituto 
National de Estadistica) database. The Table 8 
shows the BE indicators. We discuss indicators 
by groups in the following sections.  
 
Table 8.- BE Indicators  
 
Description 
C
BD
 
U
rb
an
  
Su
bu
rb
an
 
Land-Use 
Indicators 
Description 
C
BD
 
U
rb
an
  
Su
bu
rb
an
 
Area of 
Commercial Land-
use  
At origin (in ha) 205.59 109.77 24.53 
At destination (in 
ha) 187.56 143.13 84.23 
Percentage of 
Commercial Land-
use 
At origin 0.05 0.04 0.01 
At destination 0.03 0.03 0.01 
Ratio of 
Commercial Land 
-use 
% Origin / % 
Destination 2.55 1.89 1.02 
Area of 
Residential Land 
At origin (in ha) 9.390.04 1.626.96 422.39 
At destination (in 
ha) 8.321.72 4.680.51 
3.130.7
6 
Percentage of 
Residential Land 
At origin   0.44 0.68 0.66 
At destination   0.44 0.57 0.55 
Ratio of 
Percentage 
Residential Land  
% Origin / % 
Destination  1.02 1.26 1.28 
Area of Area of 
Industrial Land 
At origin (in ha) 1.468.89 6.18 96.92 
At destination (in 
ha) 1.310.29 610.71 517.94 
Percentage of 
Industrial Land 
At origin   0.07 0 0.15 
At destination   0.08 0.04 0.13 
Ratio of 
Industrial Land-
use Percentage 
% Origin / % 
Destination 1.43 1.73 0.53 
Employment 
Density Indicators 
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Description 
C
BD
 
U
rb
an
  
Su
bu
rb
an
 
Quantity of 
workers 
At origin 
1,278,96
8 31,343 7,609 
At destination 
1,134,76
5 540,802 
395,83
1 
Percentage of 
workers  
At origin 0.41 0.39 0.4 
At Destination 0.41 0.4 0.4 
Ratio of workers 
% Origin / % 
Destination  0.99 0.97 0.99 
Gross Domestic 
Product (GDP) (in 
Euros) 
At origin  38,603 51,895 34,103 
At destination  37,678 43,847 36,339 
Ratio  
Origin / 
Destination 1.06 1.25 0.98 
Difference GDP 
and Madrid's GDP 
At origin (in %) 121.86 163.34 107.82 
At destination (in 
%) 119.32 138.86 115.08 
Ratio of 
Percentages  
% Origin / % 
Destination 1.6 1.25 0.98 
Commercial retails 
Indicators 
Number of places 
within 1.2km of the 
dwelling. (Average) 
Eat out places  9.54 1.03 0 
Medical facilities  2.6 0.46 0 
Parking facilities  1.39 0 0 
Schools and 
universities  17.74 10.58 6.95 
Service oriented 
places  18.19 2.84 0.24 
Dwelling type by 
neighbourhood of 
residence 
Description 
C
BD
 
U
rb
an
  
Su
bu
rb
an
 
Single family  2% 32% 29% 
Terraced House 0% 48% 33% 
Detached 0% 4% 7% 
Apartment 93% 14% 23% 
Condominium  5% 2% 4% 
Street density 
Number of 3-way 
intersections within 
1.2km of the 
dwelling (average) 47.46 127.46 76.12 
Number of  4-
way intersections 
within 1.2km of the 
dwelling (average) 65.67 34.18 17.74 
Number of 5-way 
intersections within 
1.2km of the 
dwelling (average) 2.08 5.31 0.87 
Public transport 
supply (within 1.2 
km of the dwelling, 
average) 
Number of Metro 
stations  18.51 0 0 
Number of bus 
stops  33.83 1.35 20.14 
Number of rail 
stations  0 0.58 0 
  
3.3.1. Land-use  
The land-use (LU) variables that were possible 
to measure only at Municipality level at both 
the origin and the destination of each trip 
reported in the survey are: 
o Urban land-use 
 Area in hectares of urban land-use  
 Percentage of urban land-use 
 Ratio of Urban Land-use 
o Commercial land-use 
 Area in hectares of Commercial  land-
use  
 Percentage of Commercial Land. 
 Ratio of Commercial  Land-use between 
origin and destination 
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o Residential land-use  
 Area in hectares of residential land-use  
 Percentage of Residential Land  
 Ratio of residential land-use between 
origin and destination 
o Industrial land-use  
 Area in hectares of industrial land-use  
• Percentage of Industrial Land  
• Ratio of Industrial land-use between 
origin and destination 
The main problem with measuring land-use at 
Municipality level is the lack of variability 
among observations. Moreover, in case of large 
municipalities, such as Madrid, most of the 
trips starts and ends in the same Municipality. 
Hence it is impossible to disentangle the effect 
in the transport mobility due to differences in 
the Land-Use characteristics at origin and 
destination. However, of course, large 
municipalities are not perfectly homogenous, 
but some areas have, i.e,. higher concentration 
of Commercial activities than others. However, 
to some extent, the Ratio captures better the 
variability at the Municipality level.  
3.3.2. Public transport  
A set of six variables was analyzed, with the 
aim of describing the accessibility level of 
destination zones regarding to three different 
public transport modes: bus, Metro and rail 
(Cercanías). The number bus stops, Metro and 
rail stations operating in 2008 by District and 
Municipality are included here. The variables 
were calculated for both the number of units 
and ratio per squared kilometre. The main 
conclusion that emerges from this is the huge 
gap among destination zones; see for example 
in the number of bus stops by Municipality.  
Table 8 also shows the statistics for public 
transport supply by neighbourhood type. These 
measures are calculated at Residence Area 
level, i.e. 600m buffer around the residence. 
The average values show that dwellings in 
Pozuelo are situated close to an urban rail 
station; while most of dwellers in the CBD are 
located close to Metro stations; there are 18 
Metro stations on average around each CDB 
dwelling. Similarly, we can observe that 
availability of bus stops is really low in 
Pozuelo. 
3.3.3. Commercial retails at Residence 
area 
The number of eat out places can be associated 
with the location of Residence Area and the 
proximity to downtown. The number of 
monuments and recreational places can, to a 
higher extent, be explained by the location of 
the residence relative to downtown. Residents 
of the outer of the two zones (Algete and 
Pozuelo) live further away from medical 
facilities than of the CBD (Chamberí). The 
average number of medical facilities within 
1.2km is 2.6 in CBD are (Chamberí), 0.4 in the 
Urban area (Pozuelo) and zero in the Suburban 
area (Algete), respectively. The average 
number of service oriented places decreases 
with the distance from the residence to 
downtown. The high standard deviation 
indicates that almost all dwelling in the areas 
have a service oriented place, but only 
residents of some parts of the neighbourhood 
have the opportunity to choose among several 
service oriented places to the dwelling. The 
number of primary schools or universities is 
somewhat lower in the Suburban area (Algete) 
than in the Urban area (Pozuelo), 6 and 10 
respectively. While in CBD (Chamberí) is 
equal to 17.  
3.3.4. Street density  
Figure 5 indicates the number of trips by car 
related to the number of cul-de-sacs by 
residential area. It seems that the number of 
car-trips increasing with an increased number 
of cul-de-sacs. Categories of 1 or 2 car-trips 
tend to be higher while categories of no trips 
tend to decrease.   
 
Figure 5 Car-Trips and Cul-de-Sacs by Residential 
Area 
0
0,2
0,4
0,6
0,8
1
1,2
0 5 10 15 20 25 30 35 40
%
 of
 re
sp
on
de
nt
s
Number of cul-de-sacs withn circular area
Car-Trips and Cul-de-Sacs by Residence Area
No trips 1 or 2 Car-Trips 3 or more Car-Trips  
 
3.3.5. Distance to CBD  
The distance to CBD was calculated as the 
distance between the residence of each 
household and the city centre in kilometres. It 
was calculated from household location to 
Madrid City centre (Km zero at Sol) through a 
Google Earth Application Plus (5.1version).  
Figure 6 and Figure 7 show the average 
distance from CBD calculated for each 
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household, and grouped by category of car and 
public transport trips, respectively, undertaken 
during the day by household members. Car and 
public transport categories of trips are grouped 
in four categories as follows:  
1. Zero trips 
2. 1 or 2 trips 
3. 3 or 4 trips 
4. 5 or more. 
Figure 6 shows that the farther the household 
location is from CBD it increases the 
propensity to undertake more trips by car. The 
fourth category (5 trips or more) shows the 
highest average distance of household from 
CBD. On the other hand, Figure 7 shows that 
the relationship between trips by public 
transport and distance to CBD is less clear, 
demonstrating the importance of analyzing 
different travel dimensions regarding to urban 
environment attributes.    
Figure 6 Category of Car-trips and distance to CBD 
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Figure 7 Categoryof Public Transport Trips and 
distance to CBD 
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Table 9 shows the Pearson’s correlations for 
the density variables. Both quantities and 
percentages are shown in the table. As can be 
observed, the quantities are less correlated than 
the percentages. There is a high level of 
correlation between 4-way and 3-way 
intersections. This negative correlation is also 
explained by the characteristics of the urban 
area. The urban area in this study, (Pozuelo), is 
endowed only by the rail system, there are no 
Metro stations, and the street configuration is 
basically characterized by 3-way intersections. 
Similarly, 4-way intersections are highly 
correlated to cul-de-sacs, though the correlation 
is negative. By contrast, measuring the 
intersections by quantities, we find 3-way 
intersections are correlated to cul-de-sacs and 
3-way intersections. Thus, the values measured 
as quantities are kept, and the variable cul-de-
sac are excluded.  
 
Table 9.- Pearson’s Correlations for Street Density 
variables  
  Quantity 
  Cul-de-sac 3street 4street 5street
Quantity         
Cul-de-sac 1 0.88 -0.22 0.31 
3street  1 -0.23 0.2 
4street   1 -0.07 
5street       1 
Percent         
Cul-de-sac 0.96 0.82 -0.37 0.4 
3street 0.38 0.51 -0.89 -0.03 
4street -0.57 -0.63 0.88 -0.17 
5street 0.09 -0.03 -0.06 0.95 
 
Table 9. Cont.  
  Percent 
  Cul-
de-sac 3street 4street 5street
Quantity         
Cul-de-sac 0.96 0.38 -0.57 0.09 
3street  0.51 -0.63 -0.03 
4street   0.88 -0.06 
5street       0.95 
Percent         
Cul-de-sac 1 0.48 -0.68 0.19 
3street  1 -0.95 -0.12 
4street   1 -0.04 
5street       1 
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4. Conclusions 
This paper analyzed the existing literature and 
conluded that a crucial issue on the analysis of 
the relationship BE and TB is the definition of 
indicators. This multidimensional relationship 
need to be carefully analyezed in order to avoir 
multicollinearity and, biased results.  
In that sense, this paper has shown a set of 
relevant and feasible indicators to be included 
in a demand model. More specifically, a 
demand model for estimating trip frequency 
from BE, SE and MOB indicators.  
Through the selection of 3 neighbourhoods, the 
results show that neighbourhood effect is 
relevant for analyzing travel behavior. 
Consistent with other studies in this field, one 
of the main findings have been that people 
living in outskirts areas are likely to multistage 
tours out of the residence area. A possible 
explanation for this is the desire to compensate 
the locational deficiencies. since must of 
interurban trips are carried out to Madrid CBD, 
commercial facilities at origin must be 
considered. Secondly, as expected, 
improvements in public transport service, 
conecting to madrid must be considered. 
However, travel demand from internal trips 
must be taken into account (around 30% of 
trips), as potential demand for urban public 
transport service, that would substitute the 
indiscriminate car-use.  
Particular to the case study of Madrid, it is 
important to point on the high percentage of 
interuban trips from the analyzed residence 
areas. In that sense, as intend of producing 
sprawled cities in harmony with compact forms 
of urban extension, policy makers must 
improve public transport between interurban 
origin and destinations, shown before. It is 
clear, that trips from Urban to CBD are higher 
than Suburban to CBD and it is  related to 
public transport accesibility. Thus, 
improvement in that sense are strongly 
necessary for Suburban area.  
The descriptive statistics of street density have 
shown that future urban developments must 
consider high street density, because it 
decreases car-trips.  
Finally, multistage tours reduce consumptions 
by taking advatange of the same trip for 
multiple purposes. Thus, as mean of reducing 
environmental effects of urban sprawl, policy 
makers must promote multistops tours. And 
this can be done by acting on proximity to 
destination: reducing distance traveled or 
improving level of service (for reducing travel 
time). Specifically in the analyzed 
neighbourhods, it is clear that public transport 
trips decreases with the distance to CBD, thus, 
there is a market gap in those areas (i.e. 
Suburban area) 
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